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b Zena and Michael A. Wiener Cardiovascular Institute, Mount Sinai School of Medicine, New York, NY, USAEchocardiography is a widely utilized cardiac imaging mo-
dality. However, despite the vast array of diagnostic capabil-
ities, the generally subjective nature of interpretation
necessitates high degree of operator expertise to ensure
diagnostic accuracy of the interpretations. Imaging guidelines
and performance standards are therefore an integral compo-
nent of echocardiography training and are required to ensure
consistency of imaging and accuracy of the interpretations. To
meet this objective, International societies like the American
Society of Echocardiography (ASE) and European Association
of Cardiovascular Imaging (EACVI) have over the years
developed consensus statements and recommendations for
all the clinically relevant aspects of cardiac ultrasound and its
application. Although these recommendations are adopted
for echocardiography practices globally, such approaches
have the limitation of overlooking the challenges that are
unique to the practice of echocardiography in different parts
of the world. The present commentary discusses some of the
challenges that are unique for the Indian subcontinent and
focus on the guideline documents related to three commonest
indications for performing echocardiography-cardiac cham-
ber quantification,1,2 evaluation of valve diseases3,4 and
assessment of left ventricular (LV) diastolic function.51. Recommendations for cardiac chamber
quantification in adults
Accurate assessment of cardiac chamber dimensions and
systolic function is one of the most important goals of echo-
cardiography because of the considerable prognostic and
therapeutic significance of this information. In 2005, the ASE
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early this year to reflect the evolving understanding in this
field.2 The 2015 release includes several important updates,
most notable being the incorporation of several large, multi-
ethnic databases to derive the normative values for various
echocardiography measurements and the inclusion of newer
technologies such as three dimensional (3D) echocardiogra-
phy and speckle-tracking echocardiography (STE). However,
the application of these recommendations in Indian setting
presents some unique challenges as outlined below.
1.1. Racial differences in chamber sizes
It is well known that cardiac chamber sizes are influenced by
ethnicity.6e9 These variations are not simply due to the dif-
ferences in body-sizes as indexing to body-surface area alone
only minimizes but does not completely eliminate these dif-
ferences. Although the current guidelines have included
seven different databases to derive the normative values for
most cardiac chamber dimensions,7e12 these references
values are still not applicable to Indians because none of these
databases had Indian subjects. As a result, it is impossible to
determine the threshold for reporting an abnormal chamber
size for an Indian patient. This is a major drawback, for
example LV size not only has significant prognostic implica-
tions, it is one of the essential criteria for defining severity of
left-sided valvular regurgitations and is a key parameter for
guiding several important therapeutic decisions. Therefore,
an adequately powered, multi-centric study involving healthy
Indian subjects is urgently required to define age- and gender-
specific normal values for various echocardiographic mea-
surements in Indians. Although a large-scale study is
currently underway to collate echocardiographic data fromology, Sector 38, Gurgaon, Haryana 122001, India. Tel.: þ91 124
reserved.
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and geographic regions, it is unlikely to fill this void as Indians
are not being adequately represented.13
1.2. Feasibility and reproducibility of measurements
Echocardiography, as a modality, has inherent test-retest
variability resulting from changes in scan angles, body
posture, physiological alterations etc. In addition, there are
variations due to intra- and inter-observer variability as well.
These variations are often large enough to be of clinical rele-
vance. For example, a previous study had demonstrated sig-
nificant variability in several measures of LV systolic function
and the large magnitude of these variations had led the in-
vestigators to conclude that caution was warranted during
sequential assessment of LV systolic function.14 These issues
are even more pertinent during day-to-day performance of
echocardiography because the imaging protocols are not as
standardized as they are in the core laboratories or experi-
enced research laboratories from where most of the data on
the accuracy of various echocardiographicmeasurements has
been derived.
Unfortunately, the current guidelines do not make pro-
visions for these variations. This presents a practical chal-
lenge during interpretation of echocardiography findings from
different laboratories and while applying this information for
therapeutic decision-making. It is therefore desirable that the
feasibility and acceptable level of variability be adequately
defined for most of the important measurements. These
reference data should then be utilized to standardize echo-
cardiography laboratories much the same way as is being
currently done for biochemistry laboratories.2. Recommendations for assessment of
valve stenosis and regurgitations
Despite a declining incidence, rheumatic heart disease (RHD)
remains the leading cause of valvular heart disease in India. In
contrast, degenerative diseases are the predominant cause of
valvular heart disease in the developed countries, even
though there have been a few reports suggesting possible
resurgence of RHD in these countries as well.15e17
The pathophysiological lesions in RHD are distinct from
those seen in degenerative diseases. RHD is primarily char-
acterized by commissural fusionwith variable extent of leaflet
thickening, calcification, etc. Leaflet tips are involved much
more than the leaflet body. In comparison, commissural
fusion is relatively uncommon in degenerative diseaseswhich
tend to involve mainly the leaflet body and the base.18 These
pathophysiological differences influence the orientation and
the configuration of the stenotic and regurgitation jets, which
in turn have important bearing on the accuracy of different
measures of severity of the valve lesions. For example, vena
contracta of a regurgitant jet is less accurate in presence of
eccentric jet.4 Since the current recommendations for the
assessment of valve stenosis and regurgitation are based on
data derived from the western countries, the applicability of
thesemeasures and their accuracy in Indian patients needs to
be evaluated separately.The etiological differences not only have diagnostic im-
plications, they have therapeutic significance as well. For
example, mitral valve repair for rheumatic mitral regurgita-
tion (MR) hasmuch inferior outcome as compared to the same
performed for degenerative MR. Thus, while mitral valve
repair is the treatment of choice for degenerative MR, valve
replacement is usually the preferred option in rheumatic MR.
Similarly, organic tricuspid valve involvement is not uncom-
mon in RHD and may be an indication for surgery in itself.
These differences dictate what additional information should
be sought from echocardiographic examination in patients
presenting with a valve lesion. Therefore, an etiology-specific
description of various valve lesions is required that outlines
all the relevant information that needs to be provided for each
valve lesion.
2.1. Mixed valve lesions
Another connotation of high prevalence of RHD in India is the
frequent occurrence of multi-valve involvement. Nearly 40%
patients with rheumatic mitral valve disease have associated
aortic valve lesion also.18 Similarly, as mention above, organic
tricuspid valve disease is also seen commonly in these
patients.
The presence of multi-valve disease significantly alters
intracardiac hemodynamics. The conventional criteria for the
assessment of a lesion severity are therefore no longer accu-
rate in presence of another significant valve lesion. For
example, severe aortic stenosis (AS) leading to LV hypertrophy
will lead to underestimation of MS severity by pressure gra-
dients and pressure half-time.3 Conversely, severe MS or MR
may result in underestimation of a co-existing significant
aortic valve lesion. Organic tricuspid valve disease also often
results in underestimation of the severity of left heart lesions.
However, very often the impact of a valve lesion on overall
hemodynamics is unpredictable and therefore it becomes
really challenging to accurately assess the severity of the
different valve lesions.
Unfortunately, the current guidelines do not adequately
address these issues. As a result, most of the echocardiog-
raphers, esp. the less experienced ones, face a difficult time
performing echocardiography in patients with multivalvular
disease and are often not sure of the accuracy of their
interpretations.
2.2. Feasibility and accuracy of quantitative measures of
valve regurgitation
The issues of feasibility and variability, as described above for
chamber dimensions, are applicable to, and are of even
greater relevance to, the quantitativemeasures of the severity
of valvular regurgitations. Effective regurgitant orifice area
(often calculated using proximal isovelocity surface area
method), regurgitant volume, regurgitant fraction, vena con-
tracta, etc are measurements that require high level of
expertise for accurate estimation. It is unreasonable to expect
that the requisite level of expertise would exist in the com-
munity at large. Therefore, it is important that the guidelines
acknowledge this challenge and provide hierarchical
description of various measurements and provide different
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2.3. LV size as a measure of regurgitation severity
When chronic, the volume overload resulting from a regur-
gitant lesion gradually leads to the dilatation of the upstream
and downstream chambers. Accordingly, dilatation of the
relevant cardiac chambers (e.g. LV in case or AR or MR) is
considered to be an essential requirement for defining a
chronic regurgitant lesion as severe.4 Though quite logical,
this requirement presents unique practical challenges. As
cardiac chamber sizes vary from person to person, using a set
cut-off value to define chamber dilatation is unlikely to be
appropriate. For example, an LV diastolic dimension of 5.5 cm
in a patient with significant AR will have totally different
connotations depending on whether the baseline LV dimen-
sion was 3.5 cm or 5.0 cm. Thus, in addition to the absolute
chamber size, it is also important to take in to consideration
the percentage increase in the size from the baseline. This is
especially relevant for Indians who tend to have smaller
hearts as compared to the western patients.3. Recommendations for assessment of LV
diastolic function
The knowledge of the left ventricular (LV) diastolic functionand
the filling pressure (LVFP) has considerable diagnostic, prog-
nostic and therapeutic significance.5,19e21 Accordingly, the
assessment of LV diastolic function is one of the most impor-
tant indications for performing echocardiography. The ASE
guideline document provides algorithms for step-wise
approach to assessment of LV diastolic function.5 Although
thesealgorithmsare quite useful, itwould beevenmorehelpful
if the measurements could be described in a hierarchical order
based on their ease of measurement, accuracy, discriminatory
power and overall utility. The algorithms could also be of two
types-one that presents a very quick and brief overviewand the
other one that presents a detailed approach. Graphical depic-
tion in the form of charts, if feasible, could also be of help. All
these measures would help put the echocardiographer at ease
and give him/her requisite confidence and encouragement to
apply these guidelines more regularly in his/her practice.
Eventually however, machine-based automation that has the
capability to accurately distinguish between different grades of
LV diastolic dysfunction will be highly desirable. The ad-
vancements incognitive computinghave rendered thisdreama
realistic one andwork is alreadyunderway to explore the utility
of automated machine learning algorithms for diagnostic in-
terpretations during echocardiography.
Another challenge with these guidelines relates to the
potential ethnic variability. As the existing data on the accu-
racy of various LV diastolic function measures is derived from
the U.S. populations, these recommendations may not be
directly applicable to populations outside the U.S. However, a
pilot study from the authors' group has revealed reassuring
findings on this subject. The study demonstrated that the
current ASE recommended approach could actually accu-
rately rule out elevated LVFP in normal healthy Indiansubjects (Bansal et al, under review). However, further studies
involving subjects with variable cardiovascular status and
both elevated and normal LVFP are required to assess the
overall applicability of the current ASE guidelines in Indians.4. Logistic and cultural issues
Apart from the scientific and technical issues described above,
the practice of echocardiography in India also presents several
unique logistic and cultural challenges. The most striking
difference between the echocardiographypractice in India and
in the western countries is the lack of technicians/sonogra-
phers for performing the studies. Although this may have
someadvantage (the readingphysicianhas the opportunity for
real-time evaluation of a structural abnormality with as many
off-axis views as required), this practice presents major lo-
gistic problems. The time-constraint produced by the need for
the clinicians to perform scanning results in most of the
studies being performed in a goal oriented manner, rather
than being comprehensive. As a result, most of the archived
studies are incomplete or inadequate, which presents a major
challenge when these studies need to be reviewed later or
when serial comparisons are required. These issues can be
easily overcome by having trained sonographers perform the
scanning.However, a radical change in the societalmind-set is
required for such an approach to be acceptable. In the mean-
time, it is highly desirable to develop means to standardize a
typical transthoracic echocardiographic study in India. In this
context, the authors are pleased to learn that the Indian
Academy of Echocardiography has already developed a
guideline document outlining the performance standards and
recommendations for a comprehensive transthoracic echo-
cardiographic study in adults and the document is already in
press. This is a welcome step and the Indian Academy of
Echocardiography needs to be complemented for the same.
Another major limitation with the current practice of
echocardiography in India relates to the lack of availability of
resources. As mentioned above, the current ASE recommen-
dations for chamber quantification emphasize on the
increasing value of 3D echocardiography for LV volumetric
assessments and of STE for assessment of myocardial con-
tractile function. However, for most echocardiographers in
India, these advances have only limited meaning. The echo-
cardiography equipment currently in use does not have these
capabilities and, many of them do not even have basic tissue
Doppler imaging. These realities of practice environments
need to be acknowledged by the guidelines and as already
highlighted, hierarchical recommendations need to be made
that take in to consideration both the accuracy of the mea-
surements as well as their practical applicability. Concur-
rently, efforts need to be made to educate and train
echocardiographers across the country. Cloud technology can
be leveraged for these purposes. Community physicians can
be remotely trained in echocardiography using Web-based
tools. At the same time, the images can be uploaded on to
cloud-based servers for remote expert interpretations as a
means to ensure diagnostic accuracy.22,23 With growth of new
users in ultrasound, including anesthetist, critical care and
emergency room physicians, we have a responsibility to
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mation, robotics, data analytics and cognitive tools may
potentially help us developing new platforms and algorithms
for standardized assessment and efficiency.Conflicts of interest
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